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Characteristics study of DSSCs manufactured using

flexible photoelectrodes

Young-Ki Jeong

Department of Electrical Engineering
Graduate School of Industry

Pukyong National University

Abstract

Abstract -

The dye-sensitized solar cell may have a flexibility like
CIGS rather than an efficient function like a silicon cell.
And by applying to BIPV, aesthetic and interior elements
are also considered.

It is expected that the possibility of commercialization can
be accelerated through the flexibility of installation and R&D
as an element of emergency energy and zero—energy
buildings.

In this study, the efficiency characteristics of DSSC
prepared by manufacturing TiO, paste for low temperature

firing with the existing TTIP were applied to each substrate

_iv_



and then measured.

As a result of applying TiOZ2 paste for low-temperature
firing to the existing FTO glass, it showed the highest
efficiency of 4.138% in 05 mol of TTIP, and was then
tested using TiOZ2 paste with the same 0.5 mol of TTIP
added in the experiment.

When manufacturing DSSC using ITO film as substrate, the
result value was relatively low compared to FTO glass due
to the limitation of heat resistance of I'TO film. This seems
to be due to an increase in charge transfer resistance. As a
result of examining the efficiency and electrical
characteristics of DSSC manufactured with ITO film
substrate, it 1s determined that it 1S necessary to stably
form a photoelectrode at a lower temperature to maintain a
complete flexible form and aesthetics and ensure the
performance of a solar cell. If this problem is solved, it will
be possible to manufacture with a low unit price and a
simple process compared to the existing sputtering method

and the roll to roll method containing the same.
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)

2 = flexible deviceol] w3t L F7F X &Aoo B2 Z71E A

AETSE HEAAY Az A FA7IHS A L5 A A
24248 TiO, paste Al Zo] 3k AF7F dad A Q).
Fd=Fe Az AZE et s, SENES F

 TiO, YAE FAdstH, TiO, o Alx Al AFA=Z Eo
L5 = HEH oA EZALS] = (Titanium isopropoxide, ©]3}
TTIP)E binder® A&7Fs sttt TTIPS 25 Z1d11
A3k

m U

=5

D

Ti-g
O

¥ 11 TTIPY =
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2.4. DSSC A &

2.4.1 HEFO)AEZZEAo] = (Titanium isopropoxide)Z

A7} TiO, paste A=

Aol A TiO, & &4F A5 A=A &2A4T deol 2
o] AAe s &= af gri14]
2= AAY 559 Hd&s 7] #s Tio,
paste®] F7IHIITE AAF F TiO, ALY A4S
AAA Ao a5 FEA717] A AFAEZEJ] HEH
o] A~ 3 g 2 Alo] = (Titanium isopropoxide)?! TTIPS TiO,
powderel 0.1:1%E 09:17}# TTIPS EH&S dysle] A&

4

TiO, powder(P25,sigmaaldrich)S #2FA1717] &l TiO,
powder 1got 4 A =2 DI waterE 7 AYAER FEAHA
21 & TTIPSt TiO, & =H| &l wet ot 3213 o] 5714
ol &= Yol Z+Zg wbulE wHbrje A 3AIZE FF oL

i I S e S
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E 1. TiO, Ho]AEo| AR % TTIPQ] 57}X] 2.

Mark (a) (b) (©) (d) (e)
TTIP:TiO, 0.1:1 0.3:1 0.5:1 0.7:1 0.9:1
TTIP(g) 1.8 5.4 9 12.6 16.2

TiO, (g) 5 5 5 5 5

242 TiO, FA= A=

A= Al#el= FTO glass (TEC 8, Pilkington)”7] &< A}
&3t FTO glassE 71392 718 WHao gk kg Ado] 1
ZAE 7= AFNAt 22 3 A TiO, paste® A =44

HAow FaE BAFS o]gd AnVed HIAAEZ A
4 %

=Hv]l¥ 7]7S aceton, ethanol® Z} 5% FoF 223 A F 3}

of olEZAS AAsAY. FTO glassel]l 30mm tape(PS25

)
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Coretech) 2 0.25cm*¢] &4 9 S A2 3tal Tape castingd} gl
ot o]% TiO, pasteg ¥od FA=E Z=xs7] & H9H &
Hol= WA o2 FTO glass® E3x3t9t. =23 FTO glass
& dAgE flete] A oA 120C e =2 30% 77t
o] AUt pastee] AL WS s & oA

2AZEF A A WG

B
ol

TiO, paste= A=) FTO glass= N71949 =
(cis-diisothiocyanato - bis
(2,2,-bipyridyl-4,4,-dicarboxylato)ruthenium(II ) bis(tetrabutyl
ammonium) 0.5mMol)°l| 24A1%F st st P985 E F I ¢
ethanol& Ab&3sto] F2E 2o A& AAsA A=

o
243 AR7LH DA (DSSC)A 2

3 o) 7 = (counter electrode) A ZFo.= AL H 7|#%S FHA=
(photoelectrode) #| 2} oA <} FTA3 FTO glassE A3
t}. FTO glassol A3 & (electrolyte) TR =S 93 FUdT+=

glass§ £Y=dL B AFHA FRAT A2 99

ethanol® Z &3 A ¥ FTO glassel Tape castingd}$l
o] L= F AA M A F2 uyE Byolm wrAo=w

Pt paste(Platisol T, Solaronix)& % ¥3}%t. Pt paste® =
EH glassE HA7]EoA 450TC 9 252 108 &< AT &
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Z|AE A= Wl A d27bA bASHA WA A Pt A%
5= A ZeA

ole} o] AZHE FHF Hdd=s F A=57Iwe 2
93 surlyn film (Meltonix, Solaronix)< %%
Bl stao] 7H Aol YAAA A st

of mAH FAF B Al FRAT we] A3

2l (acetonitrile base
electrolyte 0.1IM Lil, 0.6M DMPII, 0.0o6M I2, 0.5 M TBP)<
AAF FJstL FYTE Taping2 B3t 957188 AAE

A3 AT. DSSC Al FAL 18 124 A4
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Photo electrode

—
glass cleaning 1102 coating
& annealing
.
Dye adsorbing

Counterelectrode

Q Q

glass cleaning

\

Hole drilling

Q

Pt coating & annealing

Q

sealing & injecting electrolyte

sealing hole & soldering

19 12. DSSCHY A= A
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2.4.4 Flexible substrate 9 57<3 = %3 X (DSSC)A 2+

(¢

B oAFo A= dubA el FTO glass® A Z¥E DSSCe + 7}
#] Flexible substrate & H|nldlo] A3 S 3133ttt

Ti foil¥} ITO ZF& ol&std o, A9 +x= 2834 &
o] T4 ¥ o AT},

Ti foil& 7I#Ho =2 AE3AS A¢ FHF0] EFHA, 7
=(FTO glass) =+ ITO Z&5& AL&39 S et vtdi= A
WA= WaFo A BYFSsS AAMAA THAEES S ok

Clas

Sepling 'It ITO film

\ Light
R
T\ioz\ Electrolyte
Dye
Tifoil ITOfilm
A) B)

1% 13. Flexible substrate 95733 Bl HA X9 A2 F =%

(A) Ti foil substrate (b) ITO film substrate
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Ml 3

0
Nz
d

| 51 A 1}

31 AexA oz AFH TiO, A3 B4

TTIPE 05 mol H&E H7ste] AL Aoz Az
Fd=e SA4& #FAskrl fstel 4" XRD ZA¥E
A YER T

—_ AR T
—_— 200 T
s
e
e
= |
o !
g
z I y I v L] v T L T T T T 1
10 20 30 40 50 80 70 80

29 14. TiO2 pasteE ©] &3] 450 CT= A3 TiO2 layerst
TTIP 05 mol H]& 2 200 C= AA3dte] Az TiO2 later
°] XRD A}
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71EAFq A TTIPY #H7F Al mol H&°l wat TiO, layer
Aol TiO, Z2AA LS HW 253° Hol A cpsite]l mol H|

o
&
Rqeow 05 mol °oF A3

TNHEFE ARTSE O’
FAES Y ol AWrE A 37.7° Sl A E mol H &
7t E F71E S By, TTIPE 09 mol  H7FA

Titanium Oxide”’} F7l=2 HESJow, 37.7° koA
TiO, Anatase o]l 7}Fg =A YeERGARE 25.3° o A
cps@tol 8500 & 7Hd Yol ARG & AolE BHYUS & F
A

cps @S 2-09dA4 YgUe EHY gy AAA
ZNEFF FolAd, AAA BN AHA=de HUgE u 05

=]
molol A TiO; 2444 tAAde] FHEFNSZS FAsEA e

ol 7IEA @AM DSSC &9 A& A#ste o A=
et SAEAARE F 29 19 159 HEHI G

¥ 2. TTIP mol H &) W& DSSC £&54 23

Additive amount 0.1 mol 0.3 mol 0.5 mol 0.7 mol 0.9 mol

Voc (V) 0.749 0.754 0.771 0.760 0.743

Jsc (mA/em®) 7.294 8.402 8.572 8.270 6.891

Fill Factor (%) 61.438 61.229 62.617 61.322 61.883

Eiffciency (%) 3.358 3.881 4.138 3.371 3.169
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i & 01 mol
i * 0,3 mol
bt —a— (5 mal
8_'**"*"*"¥ie-¢-,n..; v 0.7 mol
e Yo, —e— 0,9 mol
= g '\}
3] g ;
E 7 = .- \
£ o e o r
-a _ =
z .
§ | :
- 4_
= 4
=
£ |
3 |
2_
04 | ; . . T T T T T T T I’I
J 02 04 06 08

Yoltage (V)
g 15, TTIP H7MF2 sty ddE =02 A

1
H DSSC¢ J-V curve

F 29 ¥ 159 ZHIgolA ek Zo] TTIPY
mold ® ZtZpe] dA7H 54l Mg =4 SAEHANeH, 1
kas T

A3 Feol 7HFSFECMEE T R AT S

2 HAEZ SN HAHF #kel 05 moldlA 7 =
Ueben, Hddyg 32 mol ¥ &l TUEFE TS

Bk, AR TTIP 0.9 mol H7F A @&l FHEE FLol
o 3 shgtate] AA AL FEES] steto] YEWH S BT},
18 AolA 05 mole H &%= TTIPE #H7}3 TiO, layere}
71 pasteE o] 83to] A FHE TiO, layer? XRD Z 3ol A
25.3° W 37.7° 29 grol Ao FdeA dEty flexible
DSSCe Z&ZdHelA BHd=9 542 ajA = Ao
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3.2 ITO film substrate DSSC9 &4 A

ITO filmS substrate® 3}o] A Z¥E DSSC9 J-V curve %
TS 19 163 ¥ 39 Z+z e AT
71¥ FTO glassell A=A wWao=z AzFg (A9 €y
(B), (C)&= ITO filmel TiOE =AU ZHE wao=x
E=¥skal ITO filmel WHE Hia2%= 150 TS 120 CelA
Zyzt Z22dsho] A 2Fek
A8 A3 ITO film substrate® Ab8&3e] A 2" DSSCrF
AAA o Z e 7|4 SA4& HPen, &8 E3I 23A
UEets o 71 FTO glassollA] A0 =2 3358 & A5
2l (A9 A% 0771 Vel AMHg 8572 mA/cm*e]
G A FEE 62617 %2 fill factors HJoW HFHow
138 %9 FEE&ES EAT. AT 150 TE 243 (B)Y
AHRANE BFgom E3J fill factore] 74 47.988
%= 7t @A vEYT ol Hu G HAHAFI =2
e ZHAL YA AA BEFAAY ol AR AY
2 7IUgAE FTws =FsHA XFEES 9H| gt
g E R FASo] FAHdL HAXR Ak olFo] AWE

ol Fol A A e Ao Ueyth oled AvE AWM e
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B2 (B)e Hlalste] & AR R TTIPS TiO= 9
3}

HA3sko] A A o] Folx TiO, nano particled] 2% TTIPZ
=
[e)

Kt}

ITO film<S substrate® 3le] #ztE DSSCe &8 o
A713 SAs AdHE 28 §H ¥ 2EdA4 BFHd=S
dFHoE PAIHHEH ¢ =2 &S VHY¥ F IS

o] = 7|< sputtering W2 % o]E ¥Z 33 roll
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Current density {(mA/cm?2)

S T AR VI
Voltage (V)
1% 16. DSSC J-V curve (A) FTO glass / TTIP 0.5 mol / 200

C, (B) ITO film / TTIP 0.5 mol / 150 C, (C) ITO film
/ TTIP 0.5 mol / 120 T,

¥ 3. DSSC £&€E4A (A) FTO glass / TTIP 0.5 mol / 200 C,
(B) ITO film / TTIP 0.5 mol / 150 C, (C) ITO film / TTIP
0.5 mol / 120 C,

Mark Voc (V) Jsc (mA/ecm?)  Fill Factor (%) Eiffciency (%)
(A) 0.771 8.572 62.617 4.138
(B) 0.751 7.429 47.988 3.141
©) 0.722 7.524 56.228 2.617
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3.3 Ti foil substrate DSSC¢ &4 A3

Ti foilS substrate® 3l A Z¥E DSSCe J-V curve %
T2&S 1Y 177 ® 40 Zh7 e A

71 FTO glassell A=A wWao=z AzFg (A9 €y
(B), Ti foilel TTIP7F 05 molZ 7" A=44dE TiOs
pasteE® A=A UXZHUY wWAlog wEEFI 200 CTolA zHz)
28t AFRsAdoem, (O B)Y ol Ti foilel TiO,
pasteE AWz EYE WA o7 T IXIFPAT, L& AL
pasteE AF-&3lo] 450 C9 Lol A AAste] A 235

¥ A3 Ti foil substrate® AF&3te] AZE DSSCrF
AAHFoRZ E2 HA7]F SAHAS HEHJoHw, 3 T3 =
UEew ok 712 FTO glassolA] Aoz 3=+

AE (A A5 0771 Vel AASEH 8572 mA/cm®e]
G A FUE 62617 %9 fill factors HPowH FEZHo=E
4138 %9 Fa &S HATY. Ti foild A Ao =Z F 3

FASS FAT BE AF 0772 VO AHAEGS Ko

(A)s} & Afol& HolA &du. spAvt G dRe e 8717
mA/cm*E A A9 AL fill factore] A$E 1 % A%
e #7e B AAHoR 4301 %9 288 HAT

ol ¢} vl L AAE TiO, pasteE o] &3slo] FH=+S
FAastel AzE (OdA= 7HF =2 A7H Z&540
ERg T ARHES 0778 VR AAE @O zF

=]
Asstgdon, dFAFEEY A$ 9319 mA/miE 2

Aes Hgow,  fill factors 67402 %E O T3 =A
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10+

[ e o SH D —— (A}

Current density {(mA/cme)

O_ T T T T T T T T T T T | T
g 0.2 04 0.6 0.8
Yoltage (V)

1% 17. DSSC J-V curve (A) FTO glass / TTIP 0.5 mol / 200
T, B) Ti foil / TTIP 0.5 mol / 200 T, (C) Ti foil /
TiO; paste / 450 T

X 4. DSSC &€EAX4 (A) FTO glass / TTIP 0.5 mol / 200 T,
(B) Ti foil / TTIP 0.5 mol / 200 C, (C) Ti foil / TiOs paste

/ 450 C
Mark Voc (V) Jsc (mA/ecm?)  Fill Factor (%) Eiffciency (%)
(A) 0.771 8.572 62.617 4.138
(B) 0.772 8.717 63.726 4.301
©) 0.778 9.319 67.402 4.893
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M4z 2 &

2 AFoA 7]E TTIPE #H7FSE A48 TiO, pastes
Azste] A=k DSSCe =854 7 olE o] 835t
7} 7} o] substrateo] A& & 1 5

71¥ FTO glasso] #A&A2A4-8& TiO, pasteE %83 A}
TTIP 05 molollAd 714 =2 4138 %9 &S EioH
ol T3 05 mole TTIP7F H7FH TiO; paste=

EEL

o
P fi
i
i)

>
=
(o}l
O
£

ITO film< substrate® 3t DSSCE A2 Al ITO film<

W Aol FAel & FTO glass® Hlwsle] Aoz
S Ay gEs B ole M3 olv AT FUhA TAE
Aoz WAk ITO filme substrate® 3sFo] #|2E DSSCe
T8 % #7H 5SS AHE A7 4dS flexible FEH 2
AN S A, HEHRA Hes FHeE 7] A e o
SE 2R A FHS PO AFAHSE o] FoA = Ho

A=A TE
A 9l o]lE 2383 roll to roll WA ¥ B uLE}lo

w2 @rF 2 @& process® Al EFo] Thed Aol

Ti foil& substrate® 3to] A Z¥ DSSCE #7114 SA4E

FTO glassE& substrate® A}&3F DSSCe Hlusto] =7

ettt A oy A W= Y Ay ol &

W7t gl oy ad2AdFds 9@ fill factore] 7lAeo] A=A

i)
fo
ol
o
k
>k
(L
i,
o
o,
)
o
M
By
o
o,

_41_



o] FolHtk. ShARE 450 Te] m2o®m AAste] FA=E

FA3 DSSC7F ¢ & 2T E EHAY. o L&A
=

E2ES HAT. o9 o] Ti foild substrate® AF-& 3o
S A =L HAVH EAHAS 4
= substrate’} &5 st AU AS
FFol YJAE o] DSSCY o=z AAA= F
ArAd el Askz wAGT o3 HelA FE5A B9

Abgel wE AmA gas 4%A NS B medsel @
H
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